Abstract
INTRODUCTION
Globally, more than 240 million individuals are infected with hepatitis B virus (HBV) [1] . Nucleos(t)ide analogues (NAs) are effective therapies that are widely used to target reverse transcriptases [2] . However, NAs only suppress HBV DNA replication, resulting in decreased serum HBV DNA, but they do not suppress covalently closed circular DNA (cccDNA), which still resides in the nucleus and leads to long-term infection [3] . Pregenome RNA (pgRNA) is the direct product of cccDNA, and HBV DNA polymerase reverse transcribes pgRNA into rcDNA. Therefore, blocking reverse transcription does not influence the generation of HBV pgRNA. In most studies, HBV pgRNA increased after blocking reverse transcription activity [3, 4] . Lu's studies showed that serum HBV RNA was pgRNA that appeared in virus-like particles.
In 1996, Kock et al [5] first demonstrated that HBV RNA was present in free virus, and a number of studies have shown that the HBV RNA levels in serum were related to virological response (VR) and prognosis [3, 4, [6] [7] [8] . However, characteristics of alterations of serum HBV RNA in different chronic hepatitis B (CHB) patients still cannot be fully explained. Whether HBV RNA can predict HBeAg seroconversion is still controversial.
In this work, we investigated the characteristics of HBV RNA alterations in CHB patients with different treatment effects. The relationships of HBV RNA with other serological markers were also analyzed. Finally, we calculated the predictive value of HBV RNA in anticipating HBeAg seroconversion. Department of Infectious Diseases of Peking University First Hospital (China) who had begun long-term entecavir (ETV) monotherapy (Table 1) . The criteria for inclusion were: (1) patients who were naive to NA treatment; (2) patients who received monotherapy with ETV, without termination; and (3) patient's written consent was obtained. The criteria for exclusion were: (1) patients who had severe liver-related complications (including decompensated liver cirrhosis, hepatocellular carcinoma, and liver transplantation); (2) patients with co-infection with human immunodeficiency virus (HIV) or hepatitis C virus (HCV); (3) patients receiving combination therapy with other NAs; (4) an absence of samples at the time points; and (5) patients with poor compliance. Finally, we collected 30 treatment-naive individuals. Patient cohort A included 13 patients who had a VR. Patient cohort B included 17 patients who had a partial VR (PVR). Through 48 weeks of therapy, HBV DNA that was undetected was identified as a VR. After 48 wk of treatment, positive HBV DNA (with a decrease of > 2 log 10 copy/mL) was defined as a PVR. At baseline, there were 25 HBeAg positive patients, 10 of whom achieved HBeAg seroconversion during antiviral treatment.
MATERIALS AND METHODS

Patients
Informed consent was obtained from all enrolled patients and the study protocol conformed to the ethical guidelines of the Declaration of Helsinki and was approved by the Ethic Committee of Shanghai Jing An Central Hospital (Approval No. 090f51e6809a26e1 v1.0).
Standard laboratory assessments
An automatic biochemical analyzer was used to test the biochemical indicators, including alanine aminotransferase (ALT) and aspartate transaminase (AST). Quantitative HBsAg, HBeAg, and anti-HBe were determined with ELISA kits (Abbott Laboratories, Chicago, IL, United States). COBAS TaqMan assay (Roche Diagnostics, Basel, Switzerland) was used to quantify serum HBV DNA levels, with 100 IU/mL as the lower limit of detection. Identification of HBV genotypes was performed by comparison with the generated preS/S gene sequences in GenBank (NCBI) data [9] . 
Evaluation of serum HBV RNA utilizing real-time PCR
Statistical analysis
Statistical analyses were performed using IBM SPSS statistics, version 18.0.0.1 (SPSS, Chicago, IL, United States). Data are expressed as the mean ± SD or count number. Differences between groups were examined for statistical significance utilizing Student's t-test. We used the chi-square test of independence to evaluate the distribution of HBeAg positivity in various groups. P < 0.05 was considered statistically significant. The linear relationships between various viral markers were evaluated by Pearson's correlation coefficient (r) and tested for the significance of the correlation coefficient (P-value reported). Categorical variables were evaluated using Spearman's correlation coefficient (r). We applied a multivariate regularized linear model to identify the factors closely related to HBV RNA. We used a receiver operating characteristic (ROC) curve to calculate the predictive value.
RESULTS
Dynamic changes of HBV RNA after NAs treatment
We studied 30 patients in total, who were divided into two groups depending on whether HBV DNA was undetectable at week 24 of treatment: a VR group (n = 13) and a PVR group (n = 17). The baseline characteristics of the included patients are listed in Table 2 . The ratio of males to females was 5:1. The average age was 35 years. Most patients had a body mass index (BMI) of 24.4, within the normal range. The average value of glutamic-pyruvic transaminase was 159.9, two-fold higher than the normal value. There were 25 HBeAg-positive patients (83%). The average value of serum HBV RNA was 4.15 log 10 copies/mL. Comparing the baseline characteristics of the VR and PVR groups statistically, the HBV DNA showed a significant difference (P = 0.014), as did HBsAg (P = 0.04). HBV RNA levels showed no significant difference between the VR and PVR groups (P = 0.940). Before NAs treatment, the HBV RNA level had a medium correlation with respect to whether the patient had a VR (r = -0.515, P = 0.004), and the HBV RNA level had no correlation with other clinical characteristics. After 24 wk of treatment, the HBV RNA level had a high correlation with respect to whether the patient had a VR (r = -0.843, P < 0.001), and HBV RNA also had a high correlation with the HBV DNA level (r = 0.758, P < 0.001). The AST and HBsAg levels had medium correlations with the HBV RNA level (r = 0.379, P = 0.039; r = 0.368, P = 0.045).
After 24 wk of treatment, we found a significant variation in HBV RNA between the VR and PVR groups (P = 0.041). In the VR group, the level of HBV RNA decreased, and the changes were significantly different (P < 0.001). In the PVR group, the level of HBV RNA showed an increasing trend, and the changes were significantly different (P < 0.001) ( Figure 1A ).
Thirty patients were also divided by whether they achieved HBeAg seroconversion. The baseline characteristics of the individuals are listed in Table 3 . Comparing the HBeAg-positive patients with seroconversion (group A) with the HBeAg-positive patients with no seroconversion (group B), there were no significant differences in terms of clinical characteristics before treatment except for age: group A was younger than group B (37 ± 6 vs 33 ± 12, P = 0.034). After 24 weeks of treatment, the HBV RNA level showed a difference (3.1 ± 1.4 vs 5.5 ± 1.51, P = 0.032). Comparing group A with the HBeAg-negative group, only the HBV DNA level before treatment showed a significant difference ( Figure 1B) . The HBV RNA levels in groups A and B increased after 24 wk of treatment.
Connection between serum HBV RNA and other common serum biomarkers
Overall, HBV RNA and HBsAg had a poor correlation (r = 0.265, P = 0.041) ( Figure  1C ), and HBV RNA had no significant correlation with HBV DNA (r = 0.242, P = 0.062) ( Figure 1D ).
In the VR group, we only found a moderate correlation between HBV RNA and HBV DNA before treatment (r = 0.568, P = 0.043) (Figure 2A ). After 24 wk of treatment, HBV RNA had no correlation with other biomarkers ( Figure 2B ). In the PVR group, we found that HBV RNA had no correlation with HBV DNA before treatment. After 24 wk of treatment, HBV RNA and HBV DNA had a moderate correlation (r = 0.517, P = 0.034) ( Figure 2C ). HBV RNA and HBsAg had no correlation before treatment ( Figure 2D and E). After 24 wk of treatment, HBV RNA had no correlation with HBsAg in the VR group ( Figure 2F ). After 24 wk of treatment, HBV RNA had a significant high correlation with HBsAg in the PVR group (r = 0.673, P = 0.003) ( Figure 2G ). In group A, HBV RNA had only a moderate correlation with HBV DNA after 24 wk of therapy (r = 0.688, P = 0.028) ( Figure 2K ). In group B, HBV RNA also had a moderate correlation with HBV DNA after 24 wk of therapy (r = 0.755, P = 0.001) ( Figure 2O ). HBV RNA had no correlation with HBsAg before or after treatment ( Figure 2H , I, L, and M). HBV RNA had no correlation with HBV DNA before treatment ( Figure 2J and N) .
Multivariate analysis of the factors related with HBV RNA
As HBV patients might have various personal background and their risk factors for prognosis including seroconversion are unknown. It might cause the existence of confounding factors among study subjects which might interfere with the precision of the study. The typical method to adjust confounding factors is multivariate analysis. To evaluate whether HBV RNA was an independent predictor of HBeAg seroconversion and VR, we applied a multivariate regularized linear model. The model was suitable for the following explanatory variables: age, sex, BMI, levels of ALT, HBV DNA, HBsAg, whether there was a VR, and whether there was HBeAg seroconversion.
Before treatment, we identified two models: the first model, whether HBeAg seroconversion was identified as the best indicator associated with HBV RNA level, and the second model, whether HBeAg seroconversion and baseline HBV DNA were the strongest linear factors; however, the P-value for baseline HBV DNA was 0.092, greater than 0.05.
After 24 wk of treatment, we identified one best result model: whether VR was considered the strongest single linear factor related to HBV RNA.
Predictive value of HBV RNA in HBeAg seroconversion
To analyze the predictive value of HBV RNA in HBeAg seroconversion, we generated a ROC curve. We evaluated HBV RNA at baseline and after 24 wk of therapy, measuring the variation in HBV RNA between the time points in terms of three characteristics. The HBV RNA level at baseline had the best predictive value (AUC = 0.847, P = 0.004). The cutoff value was 4.12 (sensitivity = 0.8, specificity = 0.8), suggesting that in CHB patients, an HBV RNA level below 4.12 log 10 copies/mL before treatment was more likely to achieve HBeAg seroconversion. The variation and 
DISCUSSION
Studies have shown that NAs treatment can help more than 60% patients achieve undetectable HBV DNA after 1 year of therapy. However, several patients can achieve serological responses (HBeAg and HBsAg loss, with or without detection of corresponding antibodies) [10] . As a result, if HBV DNA is maintained at undetectable levels, it is difficult to predict whether a patient will have a serological response. To address this question, we evaluated whether HBV RNA had a relationship with VR and HBeAg antigen seroconversion, how HBV RNA was related to other indicators, whether HBV RNA was an independent indicator of HBeAg seroconversion, and finally, the diagnostic value of HBV RNA.
By comparing the dynamic characteristics of HBV RNA in the VR and PVR groups, we found that HBV RNA showed a strong decrease in the VR group. By contrast, HBV RNA increased in the PVR group ( Figure 1A) . Thus, effectively suppressed viral replication not only suppressed HBV DNA but also led to a decrease in HBV RNA, probably because NAs depleted the cccDNA that is the transcription template of HBV RNA. The serum HBV RNA level increased in the HBeAg no-seroconversion group compared with the HBeAg seroconversion group ( Figure 1B ). Wang's study found that blocking HBV polymerase led to HBV pgRNA accumulation in vitro and in transgenic mice, but they also found that in 11 CHB patients, the HBV RNA levels declined after NA treatment [3] . Another study reported that for patients with YMDD mutations, serum HBV RNA was significantly higher than that in others [8] . A study in 2015 reported that during NA therapy, HBV RNA showed remarkable drops in patients undergoing HBeAg seroconversion compared to other patients [7] . The findings of these studies were consistent with our results. They all suggested that HBV RNA reflected the antiviral treatment effect and HBeAg seroconversion.
We also evaluated the relationship of HBV RNA to other biomarkers. Overall, HBsAg had a poor correlation with HBV RNA (r = 0.265, P = 0.041), and HBV DNA and HBV RNA did not show a correlation (r = 0.242, P = 0.062) (Figure 2A and B) . Other studies showed that HBV RNA was remarkably related to both HBV DNA and HBsAg before treatment. Nevertheless, those molecules did not show correlations during therapy [7, 11] . We hypothesize that HBV RNA may be an independent predictor that is less reflected by the polymerase inhibitors than by HBV DNA. HBsAg can be produced either from intrahepatic cccDNA or from integrated HBV DNA. However, HBV RNA was only produced from cccDNA. As a result, HBV RNA was an independent indicator.
The multivariate regularized linear model was analyzed with the following variables: age, sex, BMI, ALT, HBV DNA, HBsAg, whether there was a VR, and whether there was HBeAg seroconversion. Before treatment, whether there was HBeAg seroconversion was the best single linear indicator associated with HBV RNA level. After 24 wk of treatment, we found one best result model: whether VR was the best single linear indicator related with HBV RNA. The results demonstrated that HBV RNA was an independent molecule predicting HBeAg seroconversion and VR. Despite the fact that VR can be detected by HBV DNA level, we found that when patients had a PVR, the level of HBV RNA increased. Because both serum HBV DNA and HBV RNA can only be generated from cccDNA, the partial effect of blocking reverse transcription activity led to an increase in HBV RNA. A potential explanation may be that the detectable rcDNA translocated into the nucleus. There, it is converted into cccDNA. Because viral mRNA is directly transcribed from cccDNA, an increase in cccDNA will lead to an increase in HBV RNA.
Our results suggested that serum HBV RNA levels predicted HBeAg seroconversion during ETV therapy. The result of ROC curve analysis generated the claim that in patients with subsequent HBeAg seroconversion, serum HBV RNA levels were slightly lower before treatment. A previous study appeared to validate such view [7] . Because most patients (67%-80%) achieved HBeAg seroconversion during therapy [10] , patients who had high levels of HBV RNA (over 4.12 log 10 copies/mL) before treatment should be given more attention during treatment.
However, the present study had a limitation of a relative small number of enrolled patients. As a result, the conclusion of present study needs to be confirmed by using much larger sample size.
In conclusion, we found that serum HBV RNA predicted both VR and HBeAg seroconversion. The data appeared to suggest that serum HBV RNA decreased in patients who achieved a VR during ETV therapy, and vice versa. Overall, HBsAg and HBV RNA had a poor correlation (r = 0.265, P = 0.041), and HBV DNA had no correlation to HBV RNA (r = 0.242, P = 0.062). Furthermore, serum HBV RNA was an independent predictor of HBeAg seroconversion and VR. HBeAg seroconversion was more likely to be achieved for CHB patients with HBV RNA levels below 4.12 log 10 copies/mL before treatment. 
ARTICLE HIGHLIGHTS
Research background
Nucleos(t)ide analogues (NAs) only suppress hepatitis B virus (HBV) DNA replication, resulting in decreased serum HBV DNA, but they do not suppress covalently closed circular DNA (cccDNA). Pregenome RNA (pgRNA) is the direct product of cccDNA. A number of studies have shown that HBV RNA levels in serum were related to virological response (VR) and prognosis. However, characteristics of alterations of serum HBV RNA in different chronic hepatitis B (CHB) patients still cannot be fully explained. Whether HBV RNA can predict HBeAg seroconversion is still controversial.
Research motivation
In this work, we investigated the characteristics of HBV RNA alterations in CHB patients with different treatment effects. The relationships of HBV RNA with other serological markers were also analyzed. Finally, we calculated the predictive value of HBV RNA in anticipating HBeAg seroconversion. Solving these problems helps to investigate the predictive value of HBV RNA.
Research objectives
If HBV DNA is maintained at undetectable levels, it is difficult to predict whether a patient will have a serological response. To address this question, we evaluated whether HBV RNA had a relationship with VR and HBeAg antigen seroconversion, how HBV RNA was related to other indicators, whether HBV RNA was an independent indicator of HBeAg seroconversion, and finally, the diagnostic value of HBV RNA.
Research methods
The present study evaluated 61 CHB patients from September 2006 to December 2007 at the Department of Infectious Diseases of Peking University First Hospital (China) who had begun long-term entecavir (ETV) monotherapy. Finally, we collected 30 treatment-naive individuals. Serum HBV RNA was extracted from 140 μL serum samples at two time points. Then they were reverse transcribed to cDNA with the HBV-specific primer. The product was quantified by realtime quantitative PCR (RT-PCR) using TAMARA probes. Statistical analyses were performed with IBM SPSS 20.0.
Research results
By comparing the dynamic characteristics of HBV RNA in the VR and partial VR groups, we found that HBV RNA showed a strong decrease in the VR group. By contrast, HBV RNA increased in the partial VR group. The serum HBV RNA level increased in the HBeAg noseroconversion group compared with the HBeAg seroconversion group. Overall, HBsAg had a poor correlation with HBV RNA (r = 0.265, P = 0.041), and HBV DNA and HBV RNA did not show a correlation (r = 0.242, P = 0.062). Furthermore, serum HBV RNA was an independent predictor of HBeAg seroconversion and VR. HBeAg seroconversion was more likely to be achieved for CHB patients with HBV RNA levels below 4.12 log 10 copies/mL before treatment.
Research conclusions
In conclusion, we found that serum HBV RNA predicted both VR and HBeAg seroconversion. The data appeared to suggest that serum HBV RNA decreased in patients who achieved a VR during ETV therapy, and vice versa. Overall, HBsAg and HBV RNA had a poor correlation (r = 0.265, P = 0.041), and HBV DNA had no correlation to HBV RNA (r = 0.242, P = 0.062).
Furthermore, serum HBV RNA was an independent predictor of HBeAg seroconversion and VR. HBeAg seroconversion was more likely to be achieved for CHB patients with HBV RNA levels Luo H et al. Serum HBV RNA in CHB below 4.12 log 10 copies/mL before treatment.
Research perspectives
The present study suggested that serum HBV RNA decreased in patients who achieved a VR during ETV therapy, and vice versa. HBeAg seroconversion was more likely to be achieved for CHB patients with HBV RNA levels below 4.12 log 10 copies/mL before treatment. In the future, the study could focus on the application value of HBV RNA in CHB patients with disease progression.
